Abstract A new xanthone compound named retymicin (1) was isolated together with galtamycin B (2) and saquayamycin Z (3), new members of the galtamycin and saquayamycin families, respectively, and the new lumichrome derivative 1-(a-ribofuranosyl)-lumichrome (4) from Micromonospora strain Tü 6368, isolated from a soil sample collected in Romania. Retymicin, galtamycin B and saquayamycin Z show cytostatic effects to various human tumor cell lines whereas saquayamycin Z is also active against Gram-positive bacteria.
properties of the secondary metabolites produced by Tü 6368. The following secondary metabolites were isolated from strain Tü 6368 and their structures elucidated, (i) rabelomycin [3] , 3-deoxyrabelomycin [4] and dehydrorabelomycin [5] , (ii) galtamycinone [6] and galtamycin B (2), (iii) saquayamycin Z (3), (iv) lumichrome and 1-methyllumichrome [7] , and 1-(a -ribofuranosyl)-lumichrome (4) , and (v) retymicin (1) . The structures of the new metabolites are shown in Fig. 1 . The results on structure elucidation are reported in the subsequent publication [8] .
Materials and Methods

Microorganism
The producing strain Tü 6368 was isolated from a sandy soil collected at a birch reservation near Rety, Romania. Five grams of soil were incubated for 40 minutes at 60°C and resuspended in 5 ml of saline. The suspension was diluted with 45 ml saline containing 1.5% phenol (w/v) and shaken with glass beads for 30 minutes at 30°C. After filtration through sterile glass wool and dilution with saline (10 Ϫ1 , 10 Ϫ2 and 10 Ϫ3 , respectively), 0.1 ml aliquots were spread onto starch -casein agar [9] , containing cycloheximide (50 m g/ml), nystatin (50 m g/ml), nalidixic acid (20 mg/ml) and novobiocin (20 mg/ml). The plates were incubated 14 days at 27°C, and the resulting colonies were transferred to starch -casein agar and ISP-2 agar [10] . The strain Tü 6368 was deposited in our laboratory's culture collection at the University of Tübingen.
Taxonomy of the Producing Strain Tü 6368
The organism was inoculated onto ISP-2 agar, incubated at 27°C for 2 weeks, and examined visually to determine substrate mycelium pigmentation and spore colour. Diaminopimelic acid [11] and the composition of cell-wall sugars [12] was identified by TLC of the whole-organism hydrolysate. Fatty acids were determined by GC-MS [13, 14] , and menaquinones by reversed-phase HPLC [15, 16] . 16S rRNA gene amplification and determination of the almost complete sequence (1495 bp) were carried out according to Rainey et al. (1996) [17] .
Fermentation
Batch fermentations of strain Tü 6368 were carried out in 10-liter stirred tank fermenters with and without addition of Amberlite XAD-16 (Rohm and Haas) to a medium consisting of 1% glucose, 2% soluble starch 0.5% yeast extract (Ohly Kat G, Deutsche Hefewerke), 0.5% Bacto casitone, and 0.1% CaCO 3 in tap water; pH was adjusted to 7.6 prior to sterilization. The fermenter was inoculated with 5% by volume with shake flask cultures, grown at 27°C in 500-ml Erlenmeyer flasks with one baffle for 72 hours on a rotary shaker at 120 rpm. The fermentation was carried out for 168 hours with an aeration rate of 0.5 vvm and an agitation rate of 250 rpm.
In the case of polystyrene resin supplemented fermentations, three liters of an aqueous suspension of Amberlite XAD-16 were added to the medium prior to sterilization.
Isolation and Physico-chemical Characterization
In fermentations without Amberlite XAD-16 supplementation, Hyflo Super-cel (2%) was added to the fermentation broth, just prior to separation by multiple sheet filtration into culture filtrate and mycelium. The culture filtrate (6 liters) was applied to an Amberlite XAD-16 column (650 ml). Impurities were washed out with water, and metabolite 4 was eluted with H 2 O -MeOH (20ϩ80) and concentrated in vacuo to an aqueous residue, which was adjusted to pH 5 (1 M HCl) and extracted three times with EtOAc. The organic extracts were combined and concentrated in vacuo to dryness. The crude product was dissolved in CH 2 Cl 2 and subjected to a silica gel column (42ϫ2.6 cm, silica gel SI 60, Merck). The separation was accomplished by a linear gradient using CH 2 Cl 2 -MeOH, starting with CH 2 Cl 2 and transitioning to 10% MeOH within 3 hours at a flow rate of 5.6 ml/minute. Pure 4 was obtained by Sephadex LH-20 chromatography (90ϫ2.5 cm) using MeOH as the eluent. After concentration in vacuo to dryness, metabolite 4 was obtained as a yellow powder.
In fermentations with Amberlite XAD-16 supplementation, the mixture of mycelium and polystyrene resin was extracted three times with acetone. The extracts were combined, concentrated in vacuo to an aqueous residue, re-extracted three times with EtOAc and concentrated in vacuo to dryness. One part of the raw product was dissolved in CH 2 Cl 2 , purified through a silica gel Si 60 column and eluted with CH 2 Cl 2 -MeOH, using a linear gradient from 0% to 10% MeOH within 3 hours at a flow rate of 5.6 ml/minute. After concentration in vacuo to dryness the crude product was dissolved in MeOH, subjected to a Sephadex LH-20 column using MeOH as the eluent. After concentration in vacuo to dryness, metabolite 1 was obtained as a yellow powder soluble in MeOH.
To avoid formation of MeOH adducts of 2 and 3, MeOH-free separation steps were performed for the isolation of 2 and 3. Therefore, the crude product was dissolved in acetone and subjected directly to a Sephadex LH-20 column using acetone as the eluent. The resulting fractions containing 2 and 3, respectively, were finally purified by preparative reversed-phase HPLC using a LiChrospher RP-Select B column (250ϫ16 mm, 10 m m; Maisch) and a linear gradient with H 2 O -acetonitrile, starting from 35% to 90% acetonitrile within 25 minutes at a flow rate of 20 ml/minute. After concentration in vacuo to dryness, metabolites 2 and 3 were obtained as red and orange powders, respectively.
The pure compounds were characterised by UV at different pH values, by infrared spectroscopy (KBr), mass spectrometry, optical rotation, and thin-layer chromatography (Table 1) .
HPLC-DAD Analyses
The chromatographic system consisted of a HP 1090M liquid chromatograph equipped with a diode-array detector and HP Kayak XM 600 ChemStation and HPLC-software revision A.08.03 (Agilent Technologies). Multiple wavelength monitoring was performed at 210, 230, 260, 280, 310, 360, 435 and 500 nm. The spectrum measured was from 200 to 600 nm with a 2-nm step and a sampling rate of 640 milliseconds.
A 10-ml aliquot of the fermentation broth was centrifuged. The supernatant was adjusted to pH 5 and extracted with the same volume of EtOAc. After centrifugation, the organic layer was concentrated to dryness in vacuo and resuspended in 1 ml MeOH. The mycelium pellet was extracted with 10 ml MeOH, the extract was concentrated to dryness and the residue was resuspended in 1 ml MeOH. A 10-ml aliquot of the samples was injected onto a HPLC column (125ϫ4.6 mm), fitted with a guard-column (20ϫ4.6 mm) which was packed with 5-m m Nucleosil-100 C-18 (Maisch). The samples were analysed by linear gradient elution using 0.1% orthophosphoric acid as solvent A and acetonitrile as solvent B at a flow rate of 2 ml/minute. The gradient was from 0% to 100% solvent B in 15 minutes with a 2-minute hold at 100% solvent B, followed by a 5-minute post-time at initial conditions.
Biological Assays
An agar-plate diffusion assay was used to determine the antibacterial and antifungal spectrum of the metabolites produced by strain Tü 6368. Ten m l of the samples were applied to filter disks (6 mm diameter). The test plates were incubated for 24 hours at a temperature that permitted optimal growth of the test organisms.
To determine the minimal inhibition concentrations of the metabolites a 96-well microtiter plate assay was used. The antibiotics were dissolved in DMSO and the final DMSO concentration in the cultures was 5%. The test organisms were grown on a rotary shaker (120 rpm) in a medium consisting of nutrient broth 0.8% and NaCl 0.5% in deionized water. 10 6 cells/ml were used as inoculum, and growth inhibition was evaluated after incubation for 24 and 48 hours.
The inhibitory activity of 1, 2 and 3 on the growth of tumor cells was tested according to NCI guidelines [18] with human cell lines from gastric adenocarcinoma (HMO2), breast carcinoma (MCF 7), and hepatocellular carcinoma (HepG2). Cells were grown in 96-well microtiter plates in RPMI 1640 with 10% fetal calf serum in a humidified atmosphere of 5% CO 2 in air. After 24 hours incubation, 1, 2 and 3 (0.1ϳ10 ml/ml) were added to the cells. Stock solutions were prepared in DMSO. The final DMSO concentration in the cultures was 0.1%. After a 48-hours incubation period the cells were fixed, and cell protein was assayed with sulforhodamine B.
Results
Taxonomy of the Producing Strain
Strain Tü 6368 produced black spores within orange substrate mycelium on ISP-2 agar plates (Fig. 2) . Whole organism hydrolysates showed meso-diaminopimelic acid in the peptidoglycan, galactose, arabinose and a small amount of xylose as cell-wall sugars, major menaquinone MK9 (H 4 , H 6 , H 8 ), and a fatty acid pattern consisting of unsaturated fatty acids and saturated iso-and anteisobranched fatty acids. The morphological and chemotaxonomical characteristic indicated that the strain belongs to the genus Micromonospora. Almost complete 16S rRNA gene sequence analysis confirmed this taxonomic classification. The nearest phylogenetic neighbours of strain Tü 6368 were M. aurantinigra strain TT1-11 (AB159779) and M. coerulea DSM 43143T (X92598), showing sequence similarity values of 99.1% -chemical properties of retymicin (1), galtamycin B (2), saquayamycin Z (3) and 1-(a-ribofuranosyl) The production of retymicin (1) increased dramatically during fermentations with addition of the neutral polystyrene resin Amberlite XAD-16, reaching a maximal value of 2.4 g/litre after 168 hours of incubation. Besides 1 as main compound, remarkable amounts of galtamycinone and saquayamycin Z (3) were produced, yielding 105 mg/litre and 74 mg/litre, respectively, whereas galtamycin B (2), yielding 23 mg/litre, rabelomycin, 3-deoxyrabelomycin and dehydrorabelomycin were produced as minor congeners. The HPLC analysis of a mycelium/XAD-16 extact is shown in Fig. 3. 1, 2 and 3 were isolated from the mycelium extract and purified by various consecutive chromatographic steps. 4 was isolated from the culture filtrate by Amberlite XAD-16 chromatography and purified by extraction and silica gel chromatography.
Biological Properties
The antimicrobial spectra of the new secondary metabolites isolated from strain Tü 6368 were determined by agar plate diffusion assays. Only saquayamycin Z (3) exhibited a growth inhibition of Gram-positive bacteria (Table 2) , whereas Gram-negative bacteria, such as Escherichia coli K12, Pseudomonas fluorescens DSM 50090, Proteus mirabilis ATCC 35501, yeast, such as Saccharomyces cerevisiae ATCC 9080, Candida albicans Tü 164, and filamentous fungi, such as Botrytis cinerea Tü 157, Aspergillus viridi nutans CBS 12756, Penicillium notatum Tü 136, Paecilomyces variotii Tü 137, were not sensitive against the metabolites. The minimal inhibition concentration of 3 was determined in a microtiter plate assay, and its activity was compared with saquayamycins A and B (Table 3) .
The cytostatic effects of retymicin (1), galtamycin B (2) and saquayamycin Z (3) were tested in different tumor cell lines. All compounds showed significant growth inhibitory activity towards HM02 and HepG2 tumor cells (see Table   99 Fig. 3 HPLC-analysis of mycelium/XAD-16 extract from Micromonospora sp. Tü 6368, fermentation time 168 hours, monitored at 210 nm, and UV-visible spectra of retymicin (1, 5.9 minutes), galtamycin B (2, 14.2 minutes) and saquayamycin Z (3, 10.2 minutes). [19] . It is likely that strain Tü 6368 represents a novel species, to be described when additional cultural and metabolic properties become available.
Applying the OSMAC approach [20] , increasing chemical diversity by altering the cultivation conditions, Micromonospora sp. Tü 6368 produced two major groups of metabolites, three members of riboflavin derived lumichromes, and various members of type-2 polyketide compounds belonging to tetracenequinones, rabelomycins, saquayamycins and xanthones. Lumichrome was repeatedly detected by our HPLC-diode array screening in extracts of various actinomycetes strains (H.-P. F., unpublished data). The common breakdown product of riboflavin was identified as a signal molecule produced by the rhizosphere bacterium Sinorhizobium meliloti that increases root respiration and shoot growth in alfalfa (Medicago sativa L.) and also triggers a compensatory increase in whole-plant net carbon assimilation [21] . The production of lumichrome and lumichrome derivatives by rhizosphereous actinomycetes may play a similar role in the stimulation of plant growth.
The amount and the pattern of secondary metabolites produced by strain Tü 6368 changed remarkably in the presence of the neutral polystyrene resin Amberlite XAD-16, when the resin was added directly into the production fermentor. Retymicin (1) productivity increased from 49 to 2,400 mg/litre, further polyketide metabolites galtamycinone and saquayamycine Z (3) were produced in remarkable amounts. In addition the minor congeners galtamycin B (2), rabelomycin, 3-deoxyrabelomycin and dehydrorabelomycin were detected in fermentations with resin addition. Such a positive effect of polystyrene resins has been described in various fermentations with fungi and bacteria [22ϳ24], however it seems not to be predictable. One reason for the stimulating effect may be the binding of a secondary metabolite to the resin, preventing its further metabolism and degradation [25, 26] . Another stimulating effect of a resin is due to the binding of metabolites to reduce end product inhibition or toxicity, e.g. in the fermentation processes of epidermin [27] and teicoplanin [28] .
Saquayamycin Z (3), the largest angucycline compound identified thus far, is assembled by the aquayamycin aglycon and eight additional deoxy sugar moieties was the only potent antibacterial active compound within the new 100 
